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COMPLETE SPECIFICATION 

Mouldable Plastics Compositions based on ethylene copolymer salts 



We, Farbbnfabriken Bayer Aktien- 
CesELLschaft. a body corporate organised 
under the laws of Germany, of Leverkusen, 
Germany, do hereby declare the invention, 

5 for which we pray that a patent may be 
granted to us, and the method by which it 
is to bo performed, to be particularly de- 
scribed in and by the following statement: — 
This invention relates to mouldable plas- 

10 tits compositions comprising carboxylic 
acids containing more than 5 carbon atoms 
in admixture with copolymers of ethylene 
and «^-olefinically unsaturated carboxylic 
acids containing metal ions. 

15 It is known that copolymers of ethylene 
and <^/?-olefinically unsaturated carboxylic 
acids can be reacted with water-soluble 
metal compounds. This reaction is accom- 
panied by neutralisation of the carboxyl 

20 groups present in die copolymers. In the 
solid state, plastics compositions of this kind 
show the same properties as cross-linked 
polymers although they can be fused, in 
which state they show the properties of un- 

25 crosslinked polymers. Unfortunately, both 
the preparation and the processing of salt- 
like plastics such as these provide consider- 
able difficulties, particularly when high mole- 
cular weight copolymer^ are used as the 

30 starting materials and when compounds of 
polyvalent metals are employed to neutralise 
the carboxyl groups present in the copoly- 
mer. 

Such polyvalent metals, for example alka- 
35 line earth metals, zinc, aluminium or lead, 
tend to ovcrsolidify the copolymer when used 
in appreciable quantities to neutralise the 
carboxyl groups present in it An excessively 
intensive ^salt crosslinking" occurs, so that 
40 the products cannot be processed or can only 
be processed at undesirably high tempera- 
[Price 4s. 6 d.] 
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tures. In some cases, the materials are also 
hard and brittle. 

If salts of the alkali metals are used to 
neutralise the carboxyl groups present in 45 
ethylene copolymers, the difficulties involved 
in processing are not on the same scale, 
although the alkali metal carboxylate groups ■ 
present in the polymers make them undesir- 
ably over-sensitive to water. 

It is known from Belgian Patent Specifi- 
cation No. 611.627 thai hbmopOlymers and 
copolymers of oleBnicaUy unsaturated mono- 
mers can be mixed with 0.05 to 5% by 
weight based on the total mixture of car- 
boxylic acids containing at least four carbon 
atoms with a view to improving their pro- 
perties, such as their impact strength and 
modulus of elasticity. 

It is also known from Belgian Patent 60 
Specification No. 616.888 that between 0.1 
and 5% by weight of carboxylic acids con- 
taining 6 to 60 carbon atoms can be added to 
hornopolymers of monoolefins, of ethylene in 
particular, with a view to improving their 65 
properties. 

Japanese Patent Application No. 16938/ 
1961 (published in ChemischeS Zentralblatt, 
1965, Vol. 21, No. 2808) relates to a mixture 
of polyethylene with 0.003 to 5% by. weight 70 
of lithium soaps of fatty acids containing at 
least 6 carbon atoms, or aaphthenic acids. 
This is said to inhibit crack growth when the 
polymer is heated for prolonged periods. 

By contrast, copolymers of ethylene with 75 
*j8-oIefinicalIy unsaturated carboxylic acids 
and optionally other monomers, in which 
the hydrogen atoms of the Carboxyl jtrc-ups 
incorporated are completely or partly re- 
placed by mfonoyalent or polyvalent metal 80 
jons. are used in the process according to 
the present invention. The addition of cat- 
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inflexible and MnkcnUyproccssiblc.lt 
SurSnTthat homogeneous and clear or 
SaSS? plastics compositions showing 
HSTno tendency to disintegrate can be 
S Ia i Tt h assumed that these outstand- 

10 ESS*! V£%L^*^ 

compositions according to the invention are 
!?tribu1able to the interaction between meta 
SE'ff'S Wyl-~ntaHung copolymer 

15 and the carboxyl groups of ^ "Ttaqflw 
ncMs added The result obtained by the pre- 
SS? inveSon is neither disclosed nor even 
tested in the prior art referred to. 
"KSySrt of V present Jwj. |» <? 

20 improve the processing P r °P^ cs . 0 *f op0 1 * 
mers of ethylene with .gS-oIefinically un- 
Stated carboxylic acids both during and 
afSTwutrflisation of the carboxyl ©roups 

with compounds of P<>!y v ^^^ ol ^ ul ar 
25 particviar the processing of ^ molecu ar 
weieht oolvmen. Another ob ect of the m 
SI U to produce copolymers of ethylene 
S™£otetaicaly unsaturated carboxylic 
adds which have the lowest possible smsi- 
30 tivity to water. In addition, it u.f«««*fc 
to include in the plastics compositions the 
SefperSve fatty acids which are available 

"SrSTV I— » venti ° n relatCS 

i5 toalnouS^ 

°g a copolymer of ethylene and an ^ 

ollanically unsaturated £ *% aQ to 

position contains from 0.1 to 1°[>?> "T 1 ;' , 
C an the copolymer containing metal 
5 ?ons Srbox$c«* containing more 
than 5 carbon atoms. , 

salt-like copolymers with carboxylic acios 
dontahting more than 5 carbon -;*!oms be- 
cause in general, carboxylic acids of this 
S5 S are nit completely oon.pat.bk with the 
aforementioned copolymers. I ■ > S J f 
„'u. ; „. t hat the add tion of carboxylic acios 
prising cnai « ~, r boii atoms, in 

Unked s Sd afmos, ^processib* polymoric 
LSS of polyvalent metals (for example . the 
I - 1 «u of a hi"h molecular weight 
«i ^cicryUc^dd h cto.ymer) makes the 



Dolvmeric salts flexible and eminently pro- 
HeUher was it expected that a 

cSc acid incorporated shows no tend- 
ency to exudc^ ^.^i^SASS : 

!i«I; heen found that the adidtion of rcla- au 
Sv^argfaWtities of carboxylic acids 
SnmT more than 5 cajbpn. atoms « --. 
%££S* by little . a. *~3Sfi 

40 3% and^prrfUly 50 to 96 mol % 

Mvan^geously be used as the <»polymcrs 
of V e^ with ^«rS 95 
rarboxvUc acids. The melt index of the co- » 
SS sKould be at least 02 g/10 mins 
andCay even exceed 100 g/10 mms. The 
melt^dex is determined in accordance with 

ated carboxytic acid(s) and ethylene. the 
e hvlene copolymers of the aforementioned 
Spfmaylfso contain further comonomers. 
in proportions up to 30 mol 
Th^foUowing are examples of such co 105 

^Derivatives of ^-olefmicaUy ^arurated 
monocarboxylic acids such as acrylamide, 
mcthacrylamide, acrylomtxde mettacryto- 
nitjUe and esters of acrylic and me^acrylic 110 
acid particularly those with saturated mono- 
hydric aliphatic alcohols containing , 1 to 20 
carbon atoms cycloaliphatic alcohols con- 
rainine 5 to 7 carbon atoms, phenols, aralkyl 
Sis S h^ycUc alco^o^ch a, 1,5 
Mters of the aforementioned acids witn. 
mlthvl ethyl propyl, isopropyl, isobutyl. 
S ocryl or stearVl alcohol, cyclohexano . 
SylSclohexanol. benzyl alcohol, phenol, 
cresol or furfuryl alcohol. iAU 
^onoesters of o^mor^lefinically un- 
saturated monocarhoxylic acids containing 
3 to4carbon atoms with dihydnc saturated 
aliphatic alcohols containing 2 to ^4 carbon 
atoms, for example 2-hydroxyethyl meth- 125 
acrvlate, 2-hydroxypnopyl ^j^ryl^ 
hyd'roxy-n-butyl methacrylate. 2-hydroxy- 
ethl acrylate. 2-hydroxypropyl acrylate and 
4-hydroxy-n-butyl acrylate. can also be em- ^ 
ployed. 
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b) aromatic vinyl and vinylidene com- 
pounds, such as styrene, a-methylatyrene, 
vinyl toluene, p-chlorostyrene or other 
nuclear-substituted vinyl benzenes; 

5 c) Esters of vinyl alcohol with carboxylic 
acids containing 2 to 18 carbon atoms or 
with hydrohalic acids, vinyl ethers and vinyl 
ketones, such as vinyl chloride, vinyhdene 
chloride, vinyl acetate, vinyl propionate. 

I n vinyl stearate, vinyl ethyl ether, vinyl iso- 
butyl ether, or vinyl amides such as vinyl 
formaldehidc and vinyl acetamide; 

d) Conjugated diencs containing 4 to 6 car- 
bon atoms such as butadiene, isoprene, 2,3- 

15 dimethyl butadiene and chloroprene; and 

e) Propylene, cycloheptatriene or norbonia- 

dienc. . ^, 

Acrylic esters, methacryuc esters and the 
vinyl esters listed are preferably used as the 
20 additional comonomers. 

Although ethylene copolymers incorporat- 
ing these additional monomers may bo used, 
it is preferred to use copolymers of ethylene 
with »j3-olefinically unsaturated carboxylic 
25 acids only. . .. 

The olefinically unsaturated carboxylic 
acids can be incorporated in the polymer in 
quantities from I to 30 mol % and prefer- 
ably in quantities from 2 to 20 mol %. Pre- 
30 ferred carboylic acids of this kind ia clud ? 
acrylic acid and mcthacrylic acid, although 
it is also possible to use itaconic acid, maleic 
acid of fumaric acid or their half esters with 
alcohols containing 1 to 8 carbon atoms, for 
35 example monoethyl alcate or fumarate. 

It is also possible to use, for the plastics 
compositions according to the invention, co- 
polymers of ethylene in which the carb oxyl 
in-oup has hran ^tjyduced bV a sub;,cau ent 
40 operation, for example, oxidation, grafting 



hydrolysis or saponification, or by the re 
action of an organometallic derivative of the 
polymer with CO; or bv the reaction of a 
reactive group to form the carboxyl groups 
45 (for example the reaction of an OH-grovp 
with an acid anhydride of a polyvalent car- 
boxylic acid (to form the half ester.). 

The copolymers of ethylene with 
olefinically unsaturated carboxylic acids and 
50 optionally further comonomers, can be pre- 
pared by methods known per se, for example 
at pressures from 50 to 300 atms. and at tem- 
peratures in the range from 50 to 300"C, by 
ionic or free radical polymerisation, as de- 
5 !i scribed for example in Belgium Patent Speci- 
fication 679.490, in German Patent Specifica- 
tion Nos. 650.038, 745.425 or in British 
Patent Specification No. 963,380. 
Preparation of the metal salts by neutral- 
60 istng the above-described copolymers of 
ethylene and *j9-olefinically unsaturated car- 
boxylic adds and optionally other mono- 
mers, may be carried out under the condi- 
tions of the process disclosed in British 
65 Patent Specification No. 1,011,981. 



Tho carboxyl groups of the copolymers 
arc- either completely or riartly neutralised 
aPough at least 10% of the carboxyl groups 
present are neutralised. it 

Suitable neutralising agents include the 70 
water-soluble or difficultly water-soluble 
compounds of mono- and/or polyvalent 
S of Groups I. IL ID. IV-A andVm 
of the Periodic System, mentioned in British 
Patent Specification No. 1.011.98J. (cf. Hand- 75 
book of Chemistry and Physics, Chemical 
Rubber Publishing Company, 37th Edition, 
page 392). 

Suitable carboxylic acids oontarningjnpre 
than 5 carbon atoms for addition to thejjoly- 80 
meric salts include saturated or unsaturated 
aliphatic, cydoaliphatic, araliphatic, aro- 
matic and heterocyclic carboxylic acids or 
carboxylic acid inixtures of natural or syn- 
thetic origin with molecular weights in excess 85 
of 103, for example naphthenic acids, syn- 
thetic fatty acids, cottonseed oil acids, tall 
oil fatty acids, abietic acid, resin acids, cm- 
namic acid, phenylbutyric acid, phenylacetic 
acid, salicyclic acid, c>-aminocaproic acid, 9u 
phnylalanine or N-cyclohexylaminoscccinic 
acid; it is preferred, however, to use satur- 
ated or unsaturated aliphatic monocarboxy- 
lic or polycarboxylic acids. 

The following are examples of suitable 95 
saturated aliphatic fatty acids: caprylic acid, 
lauric acid, myristic acid, arachic acid, be- 
henic acid, cerotic acid, palmitic acid and 
stearic acid. ; 

In addition, oleic acid, decylenic acid, 100 
palymitoleic acid, dodecylenic acid, linolic 
acid, linoleic acid, ricinoleic acid, eleosteanc 
acid, parinaric acid, arachidonic acid, ceto- 
leic acid and nervonic acid, are examples of 
suitable unsaturated alit»hatic fatty acids. 105 

Examples of aliphatic polycarboxyUc 
acids are adipic acid, pimelic acid, suberic 
acid; azelaic acid, undecane dicarboxylic 
or higher polycarboxylic acids obtained by 
polymerisation or oxidation processes or, for 110 
example, by the copolyerisation of unsatur- 
ated carboxylic acids with olefins, vinyl or 
acrylic comDounds or from petrochemicals 
or by the ofigomerisation of natural or syn- 
thetic fatty acids, for example so-called di- 115 
meric acids. 

Carboxylic acids or polycarboxylic acids 
obtained by ooly addition or polycondensa- 
tion are also suitable, for example saturated 
and unsaturated acid polyesters, polyethers. 120 
polyamnies or potyurethanes containing 
carboxyl groups. 

The carboxylic acids containing more than 
j carbon atoms are added to the salt form 
of the ethvlene copolymers in quantities from 125 
0.1 to 100% by weight, based on polymer 
containing metal ions, although they are pre- 
ferably added in quantities from 3 to 50% 
by weight. Aliphatic carboxylic acids con- 
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uioUg more lha» 10 carbon «»"» «* P" - 

salt-lto polymer or, ""'"i ™ 'S>-C. An 

p3 CS TOs ateSi»e eliminate* one 
sSpUai handling « 
SSSoo*. becatse the reqinred 

f^Satfe mechanical an c P£ 
10 oertics can be prepared from them, in 
^Suc'u can be stretched or spun. 

copolymer «VSaay^add % p«pa^ in 

S^SSfb extruders or injection-moukling 
^« These difficulties are caused by 

^StoSaSg any diflfculto to 

50 JoSs comprising 100 parts bv w*.ght o 

• fo^wed by reference to the melt index. 
f n evStstLcl, transparent compositions 
55 S e Xnd which can be processed ,nto 
injection ^l^orj^ 

% by weijzht per equivalent of 
stearic acid Na in the polymer 



Example 5-' . nMtTb i calcium salt is - 

xied in 1^/' ^JSSoi; the composi- 
mer employed m ExamP^ x - fl . ^ 7f> 
tion. which <Jo« i not "Jgrg^ ^ and 

above ivata ,,<,foiSfc 
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0.0 
0.15 
0.33 
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1.0 
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Melt index 
g/lOmins. 
no flow 
0.8 
2.2 
5.5 
6.5 
6.5 



■n£'ti8nssanait mattrial can •-»- - fi5 
proceed into films and mouldings. 

vacuum dryer at »WUi^J » ^ doM 
partt by «i#t "hereot "f^S io mln- 

SfKJfSSfSirtSS'— ■ 160 

of 19 5% °y wei S bt a me 

^S^rrt^t-and a malt 
index of 18 g/lOmins. . of 

A a 80 d 5% feWft ^ ™* 115 

polymers /and 2 ^j^JSjS 
»t U0°C the meh indices of tkese polymers 
dear pp^er compositions oan now be pro- 
cessed. 125 
EX rSt e J% neutralised ^Xv 8 ^^ 
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m tho polymer) have been worked into it, 
the polymer salt loses its crosslinked charac- 
ter, is transparent, satisfactorily processiblc 
and has a melt index of 2.8 g/10 min t 
5 Example 6: 

The effect of various types of carboxylic 
acids is demonstrated in the following, with 
reference to the 100% neutralised calcium 
salt of polymer 1 (Example 4). A kneader 
10 was used for working in which was carried 
out at 150-C. in the absence of air:— 

. . , Melt index 

% by weight carboxylic acid g/10 mins. 

ir - no flow 

15 10 stearic acid n 
5.0 adipic acid 9 
8.0 azelaic acid 14 
15.0 abietic acid. 2 9 

9.0 phenylacetic acid 16 
20 11 e-aminocaproic acid 8 
8 copolymer of 37 mol 
% of acrylic acid and 
and 63 mol % of ethy- 
lene 1 -) 
25 Example 7: 

A polymer of 90% by weight of ethylene 
and 10% by weight of methacrylic acid, 70% 
of which is in the form of the sodium salt 
.„ which has a breaking elongation of 
S 2*" 13 kneadcd wit!l stearic acid at 120°C 
After storage for 5 days, the following break- 
ing elongations are measured. 
% by weight Breaking 
of stearic acid elongation % 

35 — 490 
5 540 
10 551 
The increase in breaking elongation im- 
proves the blowing properties of the material, 
40 and the elastic properties of the films pro- 
duced from it. 
WHAT WE CLAIM IS:— 
1. A mouldable plastics composition com- 



prising a copolymer of ethylene- and an ajff- 
olefinically unsaturated carboxylic acid and 45 
optionally other comonomers. from 10 to 
100% of the hydrogen atoms in the car- 
boxyl groups of the copolymer being re- 
placed by monovalent or polyvalent metal 
ions, whilst the copolymer free of metal ions 50 
has a melt index of at least 0.2 g/10 mins, 
which composition contains from 0.1 to 
100% by weight, based on the copolymer 
containing metal ions, of a carboxylic acid 
containing more than 5 carbon atoms. 55 

2. A mouldable plastics composition as 
claimed in claim 1, which contains from 3 
to 50% by weight, based on the copolymer 
containing metal k>ns. of a carboxylic acid 
containing more than 5 carbon atoms. 60 

3. A mouldable plastics composition as 
claimed in claim I or 2, wherein the car- 
boxylic acid containing more than 5 carbon 
atoms is an aliphatic carboxylic acid con- 
taining more than 10 carbon atoms. 65 

4. A mouldable plastics composition as 
claimed in any of claims 1 to 3 wherein the 
copolymer comprises at least 40 mol % of 
ethylene, 1 to 30 mol % of an «^-otefinically 
unsaturated carboxylic acid and optionally 70 
up to 30 mol % of other comonomers. the 
hydrogen atoms in the carboxyl groups of 
the copolymer being completely or partly re- 
placed by ions of a metal of GrouD L II, HI. 
IV-A or VIII of the Periodic System (as 75 
hereinbefore specified). 

5. A mouldable plastics complosition as 
claimed in claim 1 substantialy as described 
with reference to any of the Examples. 

EL KINGTON & FIFE, 
Chartered Patent Agents, 

High Holborn House, 

52-54 High Holborn, 
London, W.C.I. 
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